introduction
Antiemetic prophylaxis for chemotherapy-induced nausea and vomiting (CINV) is an important component of cancer treatment management. In the absence of antiemetic prophylaxis, the risk of emesis with antineoplastic agents classified as moderately emetogenic chemotherapy (MEC) is 30%-90%, and >90% with highly emetogenic chemotherapy (HEC). CINV can occur within the acute (0-24 h) or delayed (25-120 h) phases of chemotherapy, with increased severity in the delayed setting [1] .
Antiemetic treatment guidelines indicate that 5-HT 3 receptor antagonists (RAs) effectively prevent and control CINV during the acute phase in subjects receiving MEC or HEC [2] [3] [4] [5] , but are generally less effective in preventing CINV in the delayed phase [6, 7] . Aprepitant and fosaprepitant dimeglumine, the water-soluble prodrug that is rapidly converted to aprepitant after intravenous (i.v.) administration, are potent and selective neurokinin-1 (NK 1 ) RAs that are effective against CINV in both acute and delayed phases when added to a standard antiemetic regimen (a 5-HT 3 RA and dexamethasone) in subjects receiving HEC and AC-based chemotherapy [8] [9] [10] . Although approved for the prevention of MEC-or HEC-associated CINV [11, 12] , NK 1 RA utility in non-AC MEC recipients has been debated, emphasizing the need for well-designed randomized studies to better define their role in this setting [13] .
This study is the first to directly assess the efficacy and safety of a single 150-mg i.v. dose of fosaprepitant combined with a 5-HT 3 RA and a corticosteroid versus a standard regimen [5] of 5-HT 3 RA plus corticosteroid-alone for the prevention of CINV in a well-defined non-AC MEC population.
methods study design
This international, phase III, randomized, double-blind, active-comparator, parallel-group, multicenter, superiority trial (PN031) was conducted at 125 sites across 30 countries. The trial was conducted in accordance with the Declaration of Helsinki and the Good Clinical Practice guidelines. Approval from the independent ethics committee or institutional review board was obtained for each participating center. All subjects provided written informed consent before enrollment.
patients
Subjects aged ≥18 years with confirmed malignant disease, who were treatment naive to MEC and HEC (as defined in the Hesketh classification of emetogenic chemotherapy agents [14] ), were eligible. All subjects had to be scheduled to receive ≥1 i.v. dose of MEC on day 1. Combinations of MEC ± a low emetogenic chemotherapy (LEC) were permitted from days 1-3 when part of an overall MEC regimen and were in accordance with current emetogenicity classification guidelines [2, 3] . Although AC regimens have been considered MEC in previous clinical trials, updated treatment guidelines now consider AC regimens to be HEC [2] [3] [4] [5] . As a result, AC regimens were not allowed. Minimally emetogenic chemotherapy was permitted throughout the treatment period. Additional cycles of chemotherapy were permitted after the efficacy period.
The major exclusion criteria for this study were vomiting in the 24-h period before day 1, antiemetic use within 48 h of day 1, symptomatic primary or metastatic central nervous system malignancy causing nausea and/or vomiting, and the use of any dose of cisplatin or other HEC.
randomization and blinding
Subjects were randomized (1 : 1) to the single-dose fosaprepitant or control regimen via an interactive voice response system/interactive web response system, and stratified based on sex. Study medications were supplied in a blinded manner as fosaprepitant/placebo i.v. bags, ondansetron/placebo capsules, and dexamethasone/placebo capsules.
study treatments
Subjects received fosaprepitant (fosaprepitant regimen) or placebo (control regimen) on top of ondansetron plus dexamethasone in accordance with current antiemetic guidelines [2, 3, 5] and in agreement with regulatory guidance on the study design (supplementary Table S1 , available at Annals of Oncology online). For the fosaprepitant regimen, i.v. fosaprepitant as a single 150-mg dose was administered ∼30 min before MEC initiation on day 1. For both regimens, oral ondansetron and oral dexamethasone were taken before MEC on day 1, followed by oral ondansetron 8 h after the first 
end points
The primary efficacy end point was the proportion of subjects who achieved complete response (CR; no vomiting and no use of rescue medication) during the delayed phase (25-120 h following initiation of the first MEC dose). Secondary efficacy end points included the proportions of subjects who achieved CR during the overall and acute phases (0-120 and 0-24 h after MEC initiation, respectively) and the proportion of subjects with no vomiting (regardless of rescue medication use) during the overall phase. A list of exploratory end points assessed in this study is provided in supplementary Materials, available at Annals of Oncology online.
Clinical adverse events (AEs) were graded according to National Cancer Institute Common Toxicity Criteria, version 4.0. Infusion-related reactions, including infusion-site thrombophlebitis and severe infusion-site pain, erythema, and induration, were prespecified as events of clinical interest. Additionally, vomiting was reported as an AE if the vomiting episode occurred outside of the efficacy assessment period or met criteria for a serious adverse event (SAE).
statistical analysis
Statistical methods are described in supplementary Materials, available at Annals of Oncology online.
The intent-to-treat (ITT) population (subjects receiving ≥1 dose of study drug and analyzed in their randomized treatment group) was used for the primary efficacy analysis, whereas the all-subjects-as-treated (ASaT) population (all subjects receiving ≥1 dose of study drug and analyzed in the treatment group based on the drug actually received) was used for the safety analysis.
Treatment comparisons for the primary and secondary efficacy analyses included formal tests for superiority using the Cochran-Mantel-Haenszel test, stratified by sex. Superiority of the fosaprepitant versus the control regimen was evaluated using a two-tailed test with P ≤ 0.05 indicating a significant difference. No formal test of superiority was carried out for exploratory end points.
Descriptive statistics were provided for demographic variables, baseline characteristics, and AEs. Details on the analyses of exploratory end points and AEs are provided in supplementary Methods and Results, available at Annals of Oncology online.
results
Overall, 1015 of the 1150 screened subjects were randomized between 30 October 2012 and 03 November 2014. Reasons for nonrandomization are shown in Figure 1 . The ITT and ASaT populations comprised 1000 and 1001 subjects, respectively ( Figure 1 ). The overall mean age was 59.6 years. Baseline demographics of the ITT population (Table 1) were similar between treatment groups and balanced with respect to the malignancy type being treated, which were representative of a MEC population. Treatment groups were also balanced regarding the types of chemotherapy regimens used, with most subjects receiving single-day regimens (71.3% and 69.9% for fosaprepitant and control regimens, respectively; supplementary Table S2 , available at Annals of Oncology online). Chemotherapeutic agents administered were balanced, with carboplatin (∼53%) and oxaliplatin (∼22%) most commonly used in both treatment groups (supplementary Table S3 , available at Annals of Oncology online). Overall, 96.6% and 98.4% of subjects completed the study in the fosaprepitant and control groups, respectively. efficacy CR in the delayed phase ( primary end point) was superior in the fosaprepitant versus the control regimen (treatment difference 10.4%; P < 0.001) ( Figure 2A) ; this was also consistent in the full analysis set and per-protocol populations (defined in supplementary Materials, available at Annals of Oncology online). CR during the overall phase was also superior in the fosaprepitant regimen (treatment difference 10.2%; P < 0.001). Both regimens had a high CR in the acute phase (treatment difference 2.3%; P = 0.184).
Fosaprepitant regimen was superior to the control regimen for no vomiting in the overall phase (treatment difference 9.8%; P < 0.001) ( Figure 2B ). The exploratory end point of no vomiting in the delayed phase was also superior in the fosaprepitant group (treatment difference 8.8%; P < 0.001). Furthermore, the estimated time-to-first vomiting episode in the overall phase, regardless of rescue medication use, was longer in the fosaprepitant group, compared with the control group (nominal P < 0.001) (supplementary Figure S1 , available at Annals of Oncology online).
The proportion of subjects with no significant nausea was significantly higher in the fosaprepitant group in the overall phase (83.1% versus 78.3%, P = 0.026), but between-group differences in the proportions of subjects with no nausea or no rescue medication use did not reach statistical significance (65.3% versus 61.6%, P = 0.156 and 83.9% versus 79.5%, P = 0.069, respectively).
The proportion of subjects with no impact of CINV on daily life [Functional Living Index-Emesis (FLIE) total score >108] was significantly greater for the fosaprepitant versus the control group [81% versus 75.5%; odds ratio 1.39; 95% confidence interval (CI) 1.01-1.91; P = 0.043]. Similar results were observed for individual FLIE domains, with the exception of the vomitingspecific domain (nominal P = 0.068).
safety and tolerability
AEs were reported by 61.3% of subjects in the ASaT population and were comparable between the treatment regimens ( Table 2 ). The AE profile was generally typical of a population receiving emetogenic chemotherapy. The most commonly reported allgrade AEs for the fosaprepitant and control groups were fatigue, diarrhea, and constipation (Table 2) . No cases of severe infusion-site pain, erythema, or induration were reported. Three cases (0.6%) of infusion-site thrombophlebitis were reported in the fosaprepitant group, compared with no cases in the control group (treatment difference 0.6%; 95% CI −0.2 to 1.7; P = 0.085); none of these infusion-site reactions were considered by the investigator to be severe or related to study medication.
Most AEs were grade 1-2 in severity, with neutropenia being the most commonly reported grade 3-4 AE in both the fosaprepitant and control groups (5.2% versus 4.8%). Overall, SAEs were reported in 74 subjects (7.4%); the most commonly reported was febrile neutropenia (1.6% and 1.0% of fosaprepitant and control regimen recipients, respectively). Drug-related SAEs were reported in one and two subjects receiving the fosaprepitant (hypersensitivity reaction) and control (one worsening constipation; one allergic reaction) regimens, respectively. Sixteen randomized subjects died, with the day of death relative to treatment day 1 ranging from day 4 to 90. Of these subjects, 10 had AEs with an onset date that occurred between day 1 (baseline) and day 17 (14 days after the last dose of study medication), inclusive, that resulted in death ( Table 2 ). All cases appeared to be attributable to subjects' underlying malignancy, other pre-existing conditions, and/or effects of chemotherapy; no deaths were considered by investigators to be related to the study drug. discussion This is the first study to provide efficacy and safety data on a single 150-mg i.v. dose of fosaprepitant added to a 5-HT 3 RA and a corticosteroid for the prevention of CINV in adults receiving non-AC MEC. Overall, this single-day, triple-antiemetic fosaprepitant regimen proved to be superior to a standard 3-day control antiemetic regimen for the prevention of CINV associated with MEC.
The superior results in the delayed and overall phases were similar to those of previous NK 1 RA clinical trials in subjects receiving HEC [8] [9] [10] [15] [16] [17] [18] . Furthermore, consistent with antiemetic guidelines, treatment differences of >10% in favor of the fosaprepitant regimen for CR (delayed and overall phases) in the current study are considered to be clinically meaningful for patients [1, 3] .
In contrast to previous studies, the fosaprepitant regimen did not improve CR during the acute phase. This may be attributed in part to a higher than expected CR rate (92%) in the acute phase of the control group compared with that of previous studies (49%-85%) [8-10, 15, 16, 18] . Differences in study populations may have been a factor; subjects in previous studies primarily received cisplatin or AC-based MEC regimens [8-10, 15, 16, 18] , which are now classified as HEC under current treatment guidelines [2, 5] . Post hoc analysis of a phase III trial consisting of a broad range of MEC (AC and non-AC regimens) reported CR improvements with an aprepitant regimen in subjects receiving non-AC MEC [17] . Another phase III trial also reported CR improvements with the NK 1 RA, rolapitant, in a large MEC population stratified based on AC and non-AC regimens; >50% of subjects in the study received AC-based regimens [19] . 
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To our knowledge, this is the first large, global, randomized, controlled superiority trial to prospectively evaluate treatment with a single-dose i.v. NK 1 RA in a well-characterized non-AC MEC population.
The fosaprepitant regimen also provided significant improvements in the secondary and exploratory efficacy end points, such as no vomiting in the overall and delayed phases, no significant nausea in the overall phase, and improved quality of life, consistent with previous NK 1 RA trials [8-10, 15, 17, 18] . Taken together, the overall efficacy findings support the clinical benefit provided by the fosaprepitant regimen in a non-AC MEC population.
The fosaprepitant regimen was generally well tolerated in the current study, and no new safety signals were noted compared with previous fosaprepitant studies [15, 20] . AE profiles for the two treatment regimens were similar and consistent with those in subjects receiving emetogenic chemotherapy [21] . An imbalance in deaths between the treatment arms was observed, but a careful review of each case suggested that these were likely to reflect progression of the underlying disease process, and no deaths were assessed as likely to be related to the study drug by the investigators. Finally, although higher infusion-site AE rates have been previously observed with fosaprepitant [15, 20, 22] , only three cases of infusion-site thrombophlebitis were reported in the fosaprepitant group for this study.
This study included a large, well-balanced non-AC MEC population regarding the types of chemotherapy regimens and agents administered. While these findings indicate that a singledose fosaprepitant regimen can potentially offer the convenience of completing all antiemetic treatment before MEC initiation in a single day, the study was not designed to evaluate treatment differences among subgroups across the full heterogeneity of the MEC population. Unlike HEC regimens, which are generally homogeneous in terms of emetogenic potential (>90%), the risk of emesis in MEC populations ranges from 30% to 90% and is complicated by factors such as chemotherapy sequence and dosing, as well as multiday treatment regimens [2] [3] [4] [5] . However, in this trial, the majority of subjects received a single-day, non-AC MEC regimen by design, with carboplatin being the most commonly used MEC agent. Although less emetogenic than the classic HEC agent, cisplatin, carboplatin is likely to be in the 'upper end' of the current MEC emetogenicity classification. Additionally, MEC-LEC combination regimens may increase the risk of emesis versus MEC or LEC alone. Antiemetic guidelines advise that additional antiemetic treatment may be needed for chemotherapy regimens that extend beyond day 1 because the risk periods for acute and delayed emesis overlap after the first day of chemotherapy [2, 3] . The role of NK 1 RA, such as i.v. fosaprepitant, in the non-AC MEC setting may be better defined through additional subgroup analyses of this study population to identify specific MEC subpopulations that are more likely to respond to antiemetic treatment and to determine whether additional prophylactic antiemetic treatment is warranted for multiday chemotherapy regimens. While it is recognized that additional studies may be needed to fine-tune future antiemetic guidelines within the heterogeneous MEC population (e.g. exploring differences between carboplatin and noncarboplatin-containing regimens and between single-day versus multiday antiemetic regimens), our findings clearly demonstrate the benefit of fosaprepitant for the prevention of CINV in a well-defined MEC population. This adds to the available evidence for aprepitant in non-AC-based MEC regimens [17] , and suggests that the role of adding an NK 1 RA in the overall MEC setting, such as aprepitant/fosaprepitant, in all antiemetic guidelines warrants further discussion. One cross-treated subject was randomized to the control group but received fosaprepitant in error; this subject was included in the fosaprepitant group for safety and the control group for efficacy. One subject with missing informed consent received fosaprepitant and was included in the fosaprepitant safety group. Determined by the investigator to be related to any of the study drugs. 
